Clinical Electromyography in the Royal Air Force
By Flight Lieutenant A. T. RICHARDSON, M.B., B.S. THE particular aspect of electrodiagnosis in the Royal Air Force that I wish to present is clinical electromyography. The pioneer work of Piper in 1912 [1] set the subject going in Germany. In this country the work of Adrian presented in his Oliver Sharpey Lectures of 1925 [2] and later his work with Bronk [3] did much to define the physiological basis upon which myography rests. To record muscle action potentials these early workers used string galvanometers, detecting the muscle potentials at first by surface electrodes and later, after their introduction by Rehn in 1921, by needle electrodes.
It is, however, more recently that developments in electronic apparatus have made possible electromyographic units suitable for clinical work. Two units are notable in this respect, viz.:
(1) The single channel unit with loud-speaker and cathode-ray tube which is outstandingly easy to operate and free from extraneous interference, used by Weddell, Feinstein and Pattle at Oxford [4] .
(2) The double channel unit with needle and surface electrodes providing accurate calibration, recording and stimulation, demonstrated by Bauwens last year to the Section of Neurology of this Society [5] .
The evolution of electromyography from the physiological laboratory to the consulting-room seemed to offer to us, in the Physical Medicine Section of the Royal Air Force, a new approach to our Service problems. The investigation of peripheral nerve injuries, lower motor neurone disease and the assessment of physical disability resulting from such lesions are among our most difficult problems. Therefore, in June 1945, a portable myophone was constructed, consisting of a concentric needle electrode, amplifier and speaker. It had two serious limitations: the lack of accurate calibration with which to measure the duration and amplitude of muscle potentials and, above all, the high-pitched tone of the speaker, which made the differentiation of potentials by sound difficult. More recently a single channel myograph kindly lent to us by Dr. Bauwens was in routine use until replaced by that shown in fig. 1 . This apparatus produced by the Technical Repair and Development Section of the Royal Air Force Medical Branch was designed primarily for clinical work. Most of the variable controls are pre-set, requiring only periodic adjustment by a technician, and so no great technical knowledge is needed to use the apparatus. We do not find, however, the same ease in relating the potentials to pathological conditions. The apparatus has twin channels, each channel having a concentric needle electrode and a pair of surface electrodes which are retained in position by suction. The potentials detected by the electrodes of each channel are amplified, relayed through a meter, which measures the peak to peak voltage, and are finally fed to a loud-speaker and to one beam of the cathode-ray tube display. The other channel, of course, feeds the other beam of the cathode-ray tube. This cathode-ray tube is a 12 in. short persistence, single beam type, but it is equipped with an elecfronic beam switch, so that phenomena occurring on both channels may be viewed simultaneously. In addition the potentials from one channel are recorded on magnetic tape.
There is one main selector switch which controls the functions of the entire unit; this switch may be moved into five positions: In the first position, a 500 cycle per second calibration sine wave of variable known amplitudes is projected in the place of the input from the muscle electrodes to the amplifier. Because this calibration wave goes through the same amplifier as the input from the electrodes, it is exactly comparable with the input at any amplification, 33 either by reference to the meters, or to the cathode-ray tube. In the second position of the main selector switch, the calibration wave is projected similarly along the second channel. In the third position of the main control, the amplifiers connect with the muscle electrodes. This is the position used when detecting muscle potentials, and thus, by moving the main selector switch, the known calibration wave and the input from the muscle electrodes may be interchanged at will and the comparison made, from which the amplitude and duration of the muscle potentials may be determined. In the fourth and fifth positions of the selector switch a balanced pulse stimulus can be supplied along either needle electrode. This stimulus has a square pulse form of 100, 30 or 10 milliseconds' duration and variable amplitude between zero and 200 volts, its repetition rate being 30 per minute. The use of this stimulus to produce contraction of the muscle in which the needle is embedded allows the operator to identify the muscle which is being tested; a matter of some difficulty in the forearm and hand.
Each channel has 7 amplifier valves arranged so as to afford a high degree of rejection of unwanted signals, in fact, a rejection ratio of approximately 26,000 to 1 exists. The amplifier response is linear from 20 to 10,000 cycles per second and the noise level is normally less than 5 microvolts peak to peak with patient connected. The gain controls, one for each amplifier, are calibrated directly in microvolts per centimetre vertical screen deflection of the beams of the cathode-ray tube and give gains varying in six steps from zero to 10 microvolts per centimetre deflection. In our experience the amplification gain most useful when using surface electrodes is 588 one that allows an input of 100 microvolts to give a vertical screen deflection of 1 centimetre. In the case of needle electrodes the most useful gain is one that allows an input of 30 microvolts to give a similar screen deflection.
The most convenient calibration wave amplitude is 100 microvolts, this being the dividing line between normal motor unit action potentials and fibrillation potentials. Similarly the calibration wavelength of 2 milliseconds differentiates between the duration of fibrillation and the longer motor unit potentials.
The magnetic tape recorder will record for thirty minutes at a tape-running speed of 8 inches per second, which speed allows accurate recording. It is our practice to keep it running during the entire examination of the patient, this arrangement allowing fleeting muscle potentials, often obtained on moving the needle electrode, to be recorded and analysed at leisure. The tape may be used repeatedly by erasing previous records.
[At the conclusion of the paper the speaker played a recording of potentials they had encountered and the recognition of which had been of value in diagnosis.]
In examining a patient it is our routine first to plot intensity duration curves of the affected muscles. This is done by using a constant voltage type stimulator, which is incorporated in the myograph unit. The reasons for this routine are:
(1) In general the progress of our peripheral nerve injury cases is followed by comparing serial intensity duration curves. I think it will be generally agreed that muscle stimulators are more suited to routine use in peripheral nerve injuries than myographs which are expensive and less easy to use.
(2) In long-standing cases the presence of contractile tissue is assured before needling for fibrillation potentials is undertaken.
(3) Rarely-as in cases of slowly progressive lower motor neurone destructioncases occur in which fibrillation is difficult to detect, although the intensity duration curve is of the double type indicating partial denervation of the affected muscle.
(4) The stimulator is used to stimulate nerve trunks and thereby to relate the muscle to their nerve supply. This is of the utmost importance in examining the small muscles of the hand.
Following the use of the stimulator the suspected muscles are compared with the corresponding ones of the opposite limb by using surface electrodes. By this means:
(1) Spontaneous potentials in the resting muscles may be detected. Only the larger spontaneous potentials can be detected by surface electrodes, for instance, the fasciculation potentials of motor neurone disease and the potentials in nerve irritation.
(2) The relative strengths of corresponding muscles on maximal voluntary contraction may be determined by comparing the loud-speaker noise, degree of interference pattern on the cathode-ray tube, or meter readings.
(3) An exact measurement of tendon-jerk response may be obtained.
(4) Measurements of nerve conduction time and the strength of muscle contraction on nerve trunk stimulation may be obtained, the contraction in this instance being a synchronous contraction of the motor units of the muscle. To allow us to follow the recovery of nerve lesions by measuring the strength of muscle contraction on stimulation of the nerve trunk week by week, we place the surface electrodes in standard positions. Variations occur, however, partly due to the fact that regenerating nerves have a slower conduction time and because of this, the contraction of their motor units occurs after the contraction of normally innervated motor units and 35 589 escape measurement by the meters. The detection of spontaneous potentials in muscles in cases of nerve root irritation, for instance, by cervical and lumbar prolapsed intervertebral discs and osteoarthritis of the spine, is in our experience, inconstant. In cases in which they do occur, there is often a latent period of five to ten minutes after movement of the spine into the position of maximal symptoms before the "chugging" potentials occur. Although, in the cervical region particularly, an accurate localization of the root being irritated may be obtained, the use of myography in this way seems limited. We have found of more diagnostic value in motor nerve root pressure, the reduction of motor unit activitv on maximal voluntary contraction, as a general rule, unaccompanied by fibrillation. In the cases of muscle atrophy due to cord lesions we have examined, fibrillation has always been found, although sometimes with difficulty.
The use of needle electrodes, and by that means the recognition of potential types and their relative preponderance, seems to us to offer the most valuable method of myographic diagnosis. In using needles, we have not found a local anxsthetic necessary, as the patients tolerate the fine needle electrodes well. In nervous patients a short-acting barbiturate as a sedative and aspirin are all that is required, at any rate in the average member of the Royal Air Force and Women's Royal Air Force.
As the scope of this paper is clinical myography, I would like to mention the potential types which can be easily recognized, and the significance of which is now generally agreed.
(I) Normal motor unit action potentials.-These are obtained: (i) By insertion of the needle electrode into a motor unit with a nerve supply which has not degenerated. These are referred to by Weddell as motor unit insertion potentials.
(ii) On voluntary contraction of the muscle, the occurrence of repetitive normal motor unit potentials at a gradually increasing frequency with developing tension is quite characteristic. The detection of these potentials in lower motor neurone lesions, indicating that some neurones are in continuity, is of prime importance, denoting as it does an incomplete lesion. The lack of motor unit potentials on insertion or volition does not necessarily mean that nerve continuity is broken, because the sheath may still be intact, although the neurones have undergone degeneration; hence exploration may show a nerve in continuity although the myograph suggests otherwise. The reduction of motor unit activity represented by lack of the normal interference pattern across the screen on maximal contraction allows assessment of the degree of damage. The normal interference pattern is produced by out of phase activity of many motor units and loss of this indicates a neuropathic or myelopathic atrophy.
Fasciculation potentials and other spontaneous potentials detected by surface electrodes may be localized accurately by the use of needle electrodes.
(2) Fibrillation potentials.-These small potentials, producing rhythmic clicking sounds in the loud-speaker, are easily recognized and occur on insertion of the needle or spontaneously. Their presence, indicating lower motor neurone degeneration with contractile tissue still present, is remarkably constant if the muscles are first warmed to blood temperature, although occasionally we have not detected them until we have used prostigmine. Our experience has shown that the detection of these potentials is a most sensitive index of denervation and they are often detected in muscles which are normal to all other tests, including the plotting of the intensity duration curves. The following case-history illustrates this:
A F/Lt., aged 37, was taken ill while serving in Iraq. He gave a history of diarrhoea and vomiting and three days later he noticed a tendency for the (R) foot to drop. He was invalided home, by which time although he complained of weakness in the (R) dorsiflexors, this was not convincing on clinical examination. The intensity duration curve was completely normal. Fibrillation potentials were, however, detected, indicating the organic basis for his complaints. It will be a matter of interest that synchronization of motor unit potentials was obtained in this case, although atrophy of the muscle could not be demonstrated clinically.
The value of detecting fibrillation potentials to localize the lesion is obvious; we have found this of particular value in non-traumatic peripheral nerve lesions, such as those following serum injections.
(3) Comnplex potentials.-We have seen complex potentials in three circumstances:
(i) Normal polyphasic motor unit potentials. (ii) Fibrillation or motor unit potentials occurring near together and giving the appearance of complex potentials, the former occurring spontaneously and the latter on contraction. Generally, however, it is only a brief time before the units go out of phase.
(iii) Complex potentials found during recovery and sometimes during degeneration. There is also the complex wave form occurring on stimulation of the nerve trunk in recovering nerve lesions. We have found it of great value to detect these potentials which are one of the earliest signs of re-innervation. They continue to be found for a considerable time after functional recovery, particularly has this been noticeable after acute anterior poliomyelitis. The complicated pattern of many complex potentials in a lesion recovering well contrasts with the sparse complex potentials of a poorly recovering lesion. These complex potentials appear on attempted voluntary contraction and in recovery they are soon followed by the appearance of easily fatiguing motor units. We have also found the decrease in the number of fibrillation potentials which precedes recovery, and which is followed by complex potentials, a most valuable sign.
In conclusion, I would like to make a passing reference to several phenomena, the significance of which is not generally agreed.
(1) Trains of high-frequency potentials which sound like a diving aeroplane. These potentials are often small, of dimensions comparable with fibrillation potentials, and would seem, therefore, to be due largely to the contraction of individual fibres. We have obtained them on mechanical irritation of the muscle by needle electrodes in cases of progressive muscular atrophy and dystrophia myotonica and in one instance in a case of anterior poliomyelitis.
(2) Double potentials. We have encountered these in peripheral nerve injuries, poliomyelitis and motor neurone disease. The pathological significance seems doubtful.
(3) Synchronization of motor unit activity. The recognition of synchronization was first applied to clinical work by Buchthal and Clemmesen [6] who suggested that its cause was the spread of impulses from one neurone to an adjoining neurone in the cord. More recently, Denny-Brown [7] has suggested that the phenomenon of synchronization is not due to synchronous contraction of two or more motor units, but to the detection by two or more needle electrodes of the same large unit. This, he says, is made possible by the loss of the smaller units whose discharge normally smoothes the action of the larger unit; to the coarse tremor produced by these large units on contraction he gave the name "Contraction Fasciculation"' Whatever the explanation may be of synchronization there can be no doubt about the ease with which it is detected in anterior poliomyelitis and the extreme difficulty with which it is detected, if at all, in the normal person or in peripheral nerve injuries. Since using a 37 591 double channel myograph, we have examined 11 cases of acute anterior poliomyelitis and found synchronization in all of them. However, we have not found it possible in this small series of cases, to prove that more than one, often large, unit was contracting. We attempted this proof by applying the localizing properties of the needle electrode, searching for independent rhythm of one of the units and attempting to make one of the units drop out by fatigue.
We are therefore of the opinion, that in the present state of our knowledge electromyography is of proved value in peripheral nerve injuries and disease, in that it can provide concrete evidence of nerve damage recovery and retention of any function before these phenomena can be estimated clinically. I wish to acknowledge the help that we have received from Dr. Bauwens and his technical assistant, Mr. Peter Styles, of St. Thomas's Hospital, in bringing myography into use in the Royal Air Force. I wish to thank the Director-General of Medical Services of the Royal Air Force for permission to read this paper.
A demonstration of recordings showing normal motor unit potentials, fibrillation potentials and the complex potentials associated with recovery was given.
Some examples of fasciculation potentials obtained from a case of progressive muscular atrophy and some recordings from a case of dystrophia myotonica were also included.
